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that	 is	 structurally	 spatially	 heterogeneous	 with	 distinct	 vegetation	 zones,	 and	 that	 surface	








that	 aquatic	 macrophytes	 make	 a	 higher	 contribution	 to	 the	 food	 web	 compared	 to	 other	
sampled	sources.	However,	the	food	web	was	also	supported	by	sources	of	carbon	that	were	
not	sampled,	probably	filamentous	algae	and	methanotrophic	bacteria.		




distinct	 zones	 in	 the	wetland	 in	 terms	of	 biotic	 response	 following	 rewetting,	 caused	by	 the	
differences	in	duration	and	frequency	of	inundation	of	the	sediments.			
The	outcomes	of	this	study	showed	that	the	ephemerality	(i.e.	seasonal	drying	and	wetting)	of	
Little	 Darkin	 Swamp	 drives	 important	 internal	 ecosystem	 processes,	 such	 as	 ecosystem	
metabolism,	 nutrient	 cycling,	 and	 primary	 production,	 which	 in	 turn	 determine	 the	 trophic	
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of	 wetlands	 as	 systems	 and	 the	 close	 relationship	 between	 the	 ecological	 components,	 their	
processes	 or	 interactions	 and	 the	 benefits	 and	 services	 they	 provide.	 Changes	 exceeding	 the	
natural	variations	to	the	ecological	character	of	any	wetland	suggest	that	negative	 impacts	are	
degrading	 natural	 processes	 such	 as	 ecological,	 biological	 and	 hydrological	 functions	 of	 the	
wetland	 (Department	 of	 the	 Environment	 Water	 Heritage	 and	 the	 Arts,	 2008).	 Therefore,	 a	
description	 of	 the	 ecological	 character	 of	 a	wetland	 provides	 a	 baseline	 of	 the	 condition	 at	 a	
specific	point	in	time,	and	can	be	used	to	assess	changes	to	its	condition.		
Ecosystem	components	can	be	described	as	physical,	chemical	and	biological	components	of	a	
wetland,	 such	 as	 physical	 form,	 wetland	 soils,	 water	 physicochemistry	 and	 biota.	 Ecosystem	
processes	 are	 the	 dynamic	 forces	 within	 the	 wetland,	 including	 climate,	 geomorphology,	
hydrology,	energy	and	nutrient	cycles,	physical	processes	and	species	interactions	(Department	
of	the	Environment	Water	Heritage	and	the	Arts,	2008).	The	benefits	of	a	wetland	are	defined	as	




important	 components	 and	 processes	 is	 sometimes	 necessary	 when	 describing	 ecological	
character.		
In	addition	to	providing	a	baseline	description,	an	ecological	characterisation	can	also	be	used	by	
managers	 to	 assess	 likely	 impacts	 of	 threats	 on	 a	wetland’s	 ecological	 character;	 to	 assist	 the	
development	of	a	management	plan;	and	help	evaluate	outcomes	of	monitoring	and	management	












The	Western	 Australian	 Department	 of	 Parks	 and	Wildlife	 have	 recently	 identified	 a	wetland,	
namely	 Little	Darkin	 Swamp	 in	 the	Wandoo	National	 Park	 (previously	Nature	 Reserve)	 on	 the	
Darling	Escarpment,	southwestern	Australia.	There	is	currently	little	information	available	about	
the	wetland,	such	as	what	type	of	system	it	is,	how	it	could	be	classified,	or	any	description	of	its	
ecological	 character.	 The	 wetland	 is	 broadly	 characterised	 as	 a	 seasonal	 clay	 pan	 with	 dense	





important	 to	 the	 wetland’s	 overall	 functioning.	 This	 includes	 its	 ecosystem	 components,	 and	




approaches	 used	 in	 a	 classification	 system.	 Systematic	 identification	 of	 the	 different	 types	 of	
wetlands	 is	 important	 in	 order	 to	 truly	 capture	 diversity,	 rationally	 make	 comparisons	 and	
enhance	management	(Semeniuk	&	Semeniuk,	1997).	Classification	of	wetlands	provides	a	way	of	
understanding	 their	 diversity	 and	 function,	 allows	 comparison	 within	 a	 region,	 country	 or	
worldwide,	and	provides	a	rational	basis	for	choosing	representative	areas	for	reservation.	Many	
methods	 have	 been	 proposed	 for	 wetland	 categorisation,	 all	 of	 which	 incorporate	 defining	
wetland	attributes	(e.g.	Cowardin	et	al.,	1979;	Tiner,	1999;	Ramsar	Convention	Secretariat,	2010;	
Richardson	&	Vepraskas,	2001).	The	classification	system	proposed	by	Semeniuk	and	Semeniuk	
(2011),	namely	 the	geomorphic-hydrologic	 approach,	 is	widely	used	 in	Western	Australia.	 This	




The	hydrological	 regime	 (i.e.	magnitude,	 frequency,	duration	and	 timing	of	 inundation)	of	 any	
wetland	controls	the	biotic	communities	and	ecosystem	processes	within	it	(Langhans	&	Tockner,	
2006).	 Therefore,	 it	 is	 an	 important	 ecosystem	process	 that	 can	provide	great	 insight	 into	 the	
ecological	 character	of	a	wetland.	Particularly	 for	 seasonal	or	ephemeral	wetlands,	drying	and	
rewetting	 of	 sediments	 can	 influence	 the	 water	 chemistry,	 which	 in	 turn	 affects	 the	 biota	 of	
wetlands	(Sommer,	2006).	Understanding	how	wetting	and	drying	affects	the	biota,	and	how	the	
biota	 adapt	 to	 these	 conditions	 (e.g.	 Strachan,	 Chester,	&	 Robson,	 2015)	 is	 important	 to	 help	
predict	how	changes	in	hydrology	can	alter	the	ecological	character	of	a	wetland.	In	addition,	the	





wetland.	 Nutrients	 control	 the	 rate	 of	 vital	 ecosystem	 processes	 such	 as	 primary	 production	
(Boulton	 et	 al.,	 2014).	 Light,	 photosynthesis	 and	 nutrient	 limitation	 are	 all	 linked	 to	 support	
autotrophic	 (primary	 producers)	 and	 heterotrophic	 (microbial,	 invertebrate	 and	 vertebrate)	
production	in	aquatic	systems.	The	flow	of	energy	and	cycling	of	matter	can	thus	be	divided	into	
two	 pathways:	 the	 autotrophic	 pathway	 (producer-consumer)	 and	 the	 heterotrophic	 pathway	
(detritus-decomposer-consumer)	 (Boulton	 et	 al.,	 2014).	 The	 autotrophic	 pathway	 is	 fuelled	 by	
photosynthesis	 via	 producers,	 whereas	 the	 heterotrophic	 pathway	 is	 fuelled	 by	 detritus	 and	
decomposers	 (Bunn	 &	 Davies,	 2007).	 The	 trophic	 status	 of	 a	 wetland	 can	 be	 determined	 by	





information	 is	 available.	 The	 management	 and	 conservation	 will	 be	 facilitated	 by	 an	
understanding	of	wetland	functioning	in	this	context.	We	propose	that	Little	Darkin	Swamp	could	
























been	 ranked	 as	 	 critically	 endangered	 communities	 under	 the	 Environment	 Protection	 and	
Biodiversity	Conservation	Act	(EPBC	Act)	in	2012	(Threatened	Species	Scientific	Committee,	2012).	
In	 addition	 to	all	 being	Threatened	Ecological	 Communities	 (TEC),	 the	 five	 claypan	 community	
types	 have	 different	 conservation	 statuses.	 Claypan	 type	 5,	 with	 mid	 dense	 shrublands	 of	
Melaleuca	lateritia	over	herbs,	was	included	on	the	Priority	Ecological	Community	list	as	Priority	
1	for	WA	in	2006	by	the	Department	of	Parks	and	Wildlife	(DPaW)	(Brown	et	al.,	2015).	Priority	1	


















The	 focus	of	 this	 thesis	will	be	Little	Darkin	Swamp;	a	claypan	wetland	 located	 in	 the	Wandoo	
National	Park	in	wandoo	(Eucalyptus	wandoo)	woodland	on	the	Darling	escarpment.	This	wetland	





Swamp	 in	 terms	 of	 descriptors	 of	 landform,	 water	 and	 vegetation	 such	 as	 water	 quality	 and	




A	 second	 research	 objective	 is	 to	 examine	 the	 temporal	 and	 spatial	 dynamics	 of	 ecosystem	




















biotic	 features	 and	processes)	 and	 values	 are	 the	basis	 for	wetland	 classification	 (Semeniuk	&	
Semeniuk,	 2011).	 The	 geologic/geomorphic	 and	hydrological	 components	 of	wetlands	 are	 less	
dynamic	 and	 changeable	 in	 the	 long	 term,	 therefore	 landform	 and	water	 are	 used	 to	 classify	
wetlands	at	 the	primary	 level,	while	biological	attributes	are	used	for	 further	categorisation	of	
wetland	 types	 and	 addition	 of	 more	 detail	 at	 higher	 classification	 levels.	 For	 non-emergent	
wetlands,	which	are	terrain	conforming	wetlands	occurring	in	landscapes	with	sufficient	water	to	
maintain	 them,	 Semeniuk	 and	 Semeniuk	 (2011)	 list	 several	 wetland	 components	 used	 for	
classification,	 and	 separate	 these	 into	 descriptors	 of	 landform,	 water	 and	 vegetation.	 The	
descriptors	 of	 landform	 are:	 cross-sectional	 shape,	 size,	 plan	 shape,	 substrate/soils	 and	








Little	 Darkin	 Swamp	 is	 a	 seasonal	 shallow	 and	 vegetated	 clay-basin,	 located	 in	 the	 Wandoo	




flowering	 at	 different	 times	 during	 the	 hydroperiod.	 Claypan	wetlands	 occur	 in	water-gaining	
















surrounding	Darling	 Escarpment	 in	 southwestern	 Australia.	 Little	 Darkin	 Swamp	 is	 one	 of	 five	
types	 of	 claypans	 described	 for	 the	 southwest	 that	 are	 distinguished	 primarily	 by	 floristic	
composition	(Gibson	et	al.,	2005).	Across	these	five	clay	pan	communities,	12	declared	rare	and	






flooded	 emergent	 wetlands	 of	 the	 palustrine	 system	 (Cowardin	 et	 al.,	 1979).	 Three	 factors,	
duration,	timing	and	source	of	inundation,	are	common	across	all	vernal	pools,	regardless	of	their	
origin,	 size,	 shape	 and	 species	 composition.	 These	 pools	 occur	 in	 most	 other	 Mediterranean	
climate	 regions,	 but	 according	 to	 Keeley	 and	 Zedler	 (1998)	 are	 best	 established	 in	 Chile	 and	
Western	Australia.	Alternatively,	using	the	Semeniuk	and	Semeniuk	(2011)	wetland	classification	
system,	Little	Darkin	Swamp	would	be	classified	as	a	mesoscale	(1000	x	1000m	–	100	x	100m),	
freshwater,	 clay-based,	 shrub-covered	 sumpland	 which	 is	 seasonally	 inundated.	 Thus,	 the	
question	that	arises:	do	the	wetland	attributes	of	Little	Darkin	Swamp	conform	to	claypans	and/or	
vernal	 pools	 as	 described	by	Gibson	et	 al.	 (2005)	 and	Keeley	 and	 Zedler	 (1998),	 and	do	 these	











aquatic	 systems.	 The	 low	 nutrient	 status	 of	 these	 wetlands	 result	 in	 unbuffered	 water	 with	
extreme	diurnal	changes	in	pH,	dissolved	CO2	and	O2	.	The	unbuffered	water	further	causes	pH	to	
be	affected	by	the	carbon	dioxide-	bicarbonate	system,	resulting	in	rises	of	2-3	pH	units	over	a	few	












hydroperiod	 can	 directly	 impact	 the	 types	 of	 taxa	 able	 to	 inhabit	 seasonal	 wetlands	 due	 to	
limitations	 of	 the	 life	 cycle	 lengths,	 as	 well	 as	 by	 changing	 the	 relative	 importance	 of	 biotic	
interactions	that	structure	community	composition	(Sim	et	al.,	2013).	
These	 freshwater	 systems	 in	 southwestern	 Australia	 are	 now	 facing	 many	 threats	 including	
clearing,	 grazing,	 hydrological	 change,	 weed	 invasion,	 damage	 by	 feral	 animals,	 altered	 fire	
regimes,	disease,	disturbances	due	 to	 recreational	 activities	 and	 climate	 change	 (Brown	et	 al.,	
2015).	Despite	being	such	valuable	and	threatened	freshwater	systems	of	southwestern	Australia,	
there	has	been	little	research	on	their	attributes,	and	they	have	not	been	fully	characterised	in	




The	 aim	 of	 this	 chapter	 is	 to	 characterise	 Little	 Darkin	 Swamp,	 starting	 with	 the	 wetland	
components	used	 for	 classification	by	Semeniuk	and	Semeniuk	 (2011).	The	 first	objective	 is	 to	
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the	 Darkin	 River	 are	 the	 major	 streams	 in	 the	 catchment.	 The	 catchment	 consists	 of	 five	
management	units,	including	The	Darkin	Swamp	Catchment	Management	Unit,	which	discharges	
into	the	headwaters	of	the	Mundaring	Weir	(Figure	2.1)	(Miles,	Ghadouani,	&	Kitsios,	2006).	The	
Darkin	 Swamp	 Catchment	 Management	 Unit	 includes	 five	 water	 bodies:	 Browns	 Swamp,	

















There	 is	 currently	only	 a	 small	 amount	of	 clearing	 (of	native	 vegetation)	 in	 the	Darkin	 Swamp	
Catchment	 area.	 The	 soils	 and	 vegetation	 consist	mainly	 of	 lateritic	 gravel	 and	 clay-loam	with	
woodland	of	Eucalyptus	wandoo,	E.	accedens	and	Corymbia	calophylla.	Some	sandy	areas	with	
Banksia	attenuata	woodland	and	granite	outcrops	also	occur	(George,	2002).	The	topography	of	
the	 Darkin	 Swamp’s	 proximate	 area	 is	 flatter	 than	 the	 rest	 of	 the	 catchment	 and	 has	 poor	
groundwater	drainage	(Miles	et	al.,	2006).	Little	Darkin	Swamp	is	located	in	an	area	with	higher	






































All	 fieldwork	 was	 undertaken	 from	 September	 2015	 to	 November	 2016,	 with	 different	








































slow	 filling	 of	 the	 wetland,	 sampling	 started	 relatively	 late	 in	 winter	 and	 only	 four	 sets	 of	
measurements	 were	 taken.	 By	 early	 October	 surface	 water	 from	 most	 of	 the	 sites	 had	
disappeared.	 In	 general,	 2015	was	 a	 relatively	 low	 (877.8	mm	 total)	 rainfall	 year	 according	 to	
historical	rainfall	data	for	the	area	(BOM,	Annual	rainfall	1994-2016,	Bickley,	WA1)	and	would	not	
be	 representative	 of	 average	 duration	 of	 inundation	 and	water	 levels	 at	 Little	Darkin	 Swamp.	
Therefore,	another	sampling	season	was	added	in	2016,	with	measurements	starting	early	May,	
and	taken	on	a	bi-weekly	basis	until	 late	November	2016	to	capture	dynamics	during	the	filling	
and	 drying	 of	 the	 wetland.	 Rainfall	 was	 much	 higher	 in	 2016	 (1085.6	 mm	 total),	 and	 more	




productivity	 is	 at	 its	 highest.	 A	 routinely	 calibrated	 Thermo	 Scientific	 Orion	 Star	 A329	
pH/ISE/conductivity/RDO/DO	multimeter	was	used,	recording	dissolved	oxygen	(DO	in	mg/L	and	
%	 saturation),	 pH,	 electrical	 conductivity	 and	 temperature.	 The	 probes	 were	 submerged	


















Sulphate	 (turbimetric)	 as	 SO4,	 chloride	 and	 ammonium	 were	 analysed	 by	 discrete	 analyser.	
Samples	for	dissolved	nitrogen	and	phosphorus	were	also	analysed	by	discrete	analyser	using	the	
automated	phenate	method.	Water	samples	were	filtered	through	a	0.45µm	filter,	placed	in	pre-
prepared	 10mL	 bottles	 and	 frozen	 until	 sent	 for	 analysis.	 Untreated	 water	 samples	 for	 other	
chemical	analyses	were	kept	 in	200mL	bottles	and	refrigerated	until	sent	for	analysis.	Calcium,	
magnesium,	sodium,	and	potassium	were	also	analysed	at	ALS	Global.		
Chlorophyll-a,	 turbidity	 and	 gilvin	were	 analysed	 for	 all	 seven	 sites,	 at	 Edith	Cowan	University	
facilities.	 Chlorophyll-a	 was	 used	 to	 estimate	 phytoplankton	 biomass	 and	 was	 measured	 as	

























their	 distribution	 at	 Little	 Darkin	 Swamp.	 The	 wetland	 vegetation	 was	 divided	 into	 interim	
vegetation	zones	based	on	recent	Google	Earth	aerial	images	and	personal	observation.	Then	the	
interim	zones	were	examined	 in	situ	 for	their	vegetation	density,	patchiness	of	the	vegetation,	
and	 floristics	 (species	composition,	 see	below).	 In	each	 interim	zone,	a	 randomly	selected	GPS	
coordinate	was	chosen	to	establish	one	5mx5m	quadrat	for	ground	truthing	to	provide	a	more	

























































































2015,	 and	 likely	 to	 contribute	 to	 higher	 evaporation	 rates	 at	 the	 wetland	 (BOM,	 2016).	
Temperatures	 started	 rising	 already	 by	 August	 in	 2015,	 whereas	 in	 2016	 temperatures	 were	
unusual	 in	 that	 they	 remained	 relatively	 low	 in	 September	 and	 October,	 likely	 reducing	
evaporation	rates.	The	overall	rainfall	levels	were	significantly	lower	in	2015	compared	to	2016	
































































































Overall,	water	 levels	 in	 the	wetland	were	over	 twice	as	high	 from	September	to	October	2016	













































































































































shrub	Melaleuca	 lateritia	 (Robin	red-breast	bush),	 the	sedges	Chorizandra	enodis	 (Black	bristle	
rush)	 and	 Meeboldina	 coangustata.	 During	 the	 wet	 season,	 there	 is	 also	 an	 abundance	 of	
submerged	 and	 emergent	macrophytes	 growing	 in	 the	wetland,	 with	 dominant	 species	 being	

















































Variables	 V1a	 V1b	 V2	 V3	 V4	 V5	 V6	
Water	depth	range	(cm)	 40-50	 30-40	 30-40	 20-30	 20-30	 2-5	 0-1	
Sediment	LOI	(%)	 22	 22	 22	 13	 13	 2.5	 3.3	
Level	of	disturbance	(1-4)	 1	 2	 2-3	 3-4	 4	 0-1	 0	
Nature	of	zone	boundaries	 Clear	 Less	clear	 Less	clear	 Clear	 Clear	 Not	clear	 Clear	
Melaleuca	lateritia		 	 	 	 	 	 	 	
Cover	range	(%)	 80-90%	 50-60%	 30-35%	 5-10%	 5-10%	 50-60%	 40-50%	
Height	range	(m)	 1.5-2m	 0.5-1m	 1-2m	 0.5-1m	 0.5-1.5m	 0.5-1m	 0.5-0.7m	
Melaleuca	viminea		 	 	 	 	 	 	 	
Cover	range	(%)	 0%	 0%	 0%	 0%	 1-2%	 5-10%	 5-10%	
Height	range	(m)	 -	 -	 -	 -	 2-3m	 1.5-3m	 1.5-3.5m	
Cover	ranges	(%)	 	 	 	 	 	 	 	
Meeboldina	coangustata		 0%	 0%	 1-2%	 0-1%	 0%	 5-10%	 2-5%	
Chorizandra	enodis	 15-20%	 40-50%	 60-70%	 30-40%	 15-30%	 5-10%	 30-40%	
Verticordia	densiflora	(<0.5m)		 0%	 0%	 0%	 0%	 0%	 20-30%	 10-15%	
Hakea	marginata	(<2m)		 0%	 0%	 0%	 0%	 0%	 0%	 2-5%	
Macrophytes	 	 	 	 	 	 	 	
Cycnogeton	huegelii	 15-20%	 5-10%	 5-15%	 5-10%	 5-10%	 0%	 0%	
Ornduffia	submersa	 2-5%	 2-5%	 0%	 1%	 1%	 0%	 0%	
Callitriche	stagnalis	 20-30%	 50-60%	 20-30%	 70-80%	 50-60%	 0%	 0%	

































































During	 the	wet-season	 in	2016,	DO	 levels	 increased	early	 June	 following	 the	 initial	 increase	 in	
water	levels,	then	stabilised	between	8-9	mg/L	until	October	when	water	levels	started	declining	





2.5).	 Sites	 1,	 3	 and	 4	 were	 located	 in	 low	 vegetation	 density	 areas,	 resulting	 in	 higher	 water	
temperatures	compared	to	those	in	high	vegetation	density	areas	(sites	2,	5	and	6).	These	sites	(1,	
3,	 4)	 also	 had	 the	 lowest	 water	 levels,	 which	 would	 also	 have	 contributed	 to	 higher	 daily	
temperature	fluctuations.	In	comparison,	water	temperature	increased	sooner	in	2015,	as	a	result	
of	 higher	 ambient	 temperatures.	 This	 resulted	 in	 higher	 evapotranspiration	 rates	 and	 rapid	
declines	in	water	levels	in	spring.		
The	pH	stayed	stable	at	around	6.5	for	all	sites	and	variability	between	the	sites	was	low	during	
the	 first	months	 following	 rainfall	 in	 2016	 (Figure	 2.8e).	 Early	 in	 spring	 (from	 September),	 pH	
became	 much	 more	 variable	 between	 and	 within	 sites	 as	 water	 levels	 started	 to	 recede.	
Specifically,	pH	steadily	 increased	until	 the	end	of	October	at	sites	3	and	4,	while	 it	 fluctuated	
more	widely	at	the	other	sites.	In	2015,	pH	was	less	variable,	ranging	only	between	pH	6-7.	
Conductivity	was	generally	 low	during	 the	wet-season	2016,	 ranging	between	142-432	µS/cm.	
Early	 in	 the	 wet	 season	 conductivity	 was	 spatially	 variable	 as	 the	 wetland	 filled,	 with	 higher	
conductivities	at	the	shallower	sites	(sites	1,	3	and	4)	(Figure	2.8d).	As	water	levels	increased	and	
stabilised,	the	conductivity	also	stabilised	between	150-250	µS/cm	for	all	sites.	Once	the	water	










































































fluctuations	were	highest	 in	 June	and	November,	 and	 that	DO	was	most	 stable	 in	August	 and	
September	when	water	levels	were	at	the	highest	and	temperatures	were	relatively	low.	Average	
daily	 temperature	 was	 more	 variable	 3-7th	 June	 (11.7-21°C)	 compared	 to	 July-September.	 In	



































































































Analyte	 Units	 Site	2	 Site	4	
Total	Alkalinity	as	CaCO3	 mg/L	 15 15 
Sulfate	as	SO4	-	Turbidimetric	 mg/L	 <20	 <20	
Chloride	(Cl-)	 mg/L	 49 89 
Calcium	(Ca2+)	 mg/L	 2 2 
Magnesium	(Mg2+)	 mg/L	 2 2 
Sodium	(Na+)	 mg/L	 39 68 
Potassium	(K+)	 mg/L	 4 6 
Ammonium	as	N	 mg/L	 <0.01	 <0.01	
Nitrite	+	Nitrate	as	N	 mg/L	 <0.01	 <0.01	










spatially	 throughout	 the	 winter	 season,	 but	 was	 on	 average	 similar	 between	 the	 sites	 (range	














Site	 Depth	 Chl-a	 Turbidity	 Gilvin	 pH	 Conductivity	 DO	 Temp	
1	 25.04	 <1	 5.35	 52.05	 6.6	 260.3	 9.6	 18.1	
2	 30.08	 1 4.16 52.74	 6.6	 180.4	 8.7	 16.1	
3	 25.1	 <1	 3.06	 49.05	 6.8	 298.2	 10.2	 17.2	
4	 24.72	 <1	 2.76	 49.28	 6.8	 255.3	 10	 17.1	
5	 28.74	 3 12.7 47.44	 6.5	 192.4	 9.3	 16.5	
6	 32.12	 2 14.3 52.90	 6.4	 172.7	 9.5	 16.7	












and	 emus,	 as	well	 as	 a	 number	 of	 bird	 species	 such	 as	 Carnaby’s	 cockatoos	 (Calyptorhynchus	
latirostris),	unidentified	duck	species	and	white-necked	herons	(Ardea	pacifica)	that	come	to	drink	
and	feed	in	the	wetland	(personal	observation).	When	the	wetland	is	dry,	the	fire	dam	adjacent	
to	 the	wetland	attracts	 kangaroos,	emus	and	probably	 feral	boars,	 apparent	by	 the	numerous	
tracks	 throughout	 the	 wetland	 leading	 to	 the	 dam.	 Several	 species	 of	 frogs	 have	 also	 been	
observed	and	heard	in	the	wetland,	including	the	Moaning	Frog	(Heleioporus	eyrei),	the	Whooping	
Frog	(Heleioporus	inornatus)	and	the	Western	Spotted	Frog	(Heleioporus	albopunctatus).	Among	
the	macroinvertebrates	present	during	 sampling	 in	October	 2015	were	 common	wetland	 taxa	
such	as	microcrustaceans,	amphipods,	nematodes,	gastropods,	beetles	and	arachnids	(Table	2.6).	












Across	 the	 three	 sampling	occasions,	 the	most	 consistently	 present	macroinvertebrates	 in	 the	
wetland	were	Amphipods,	Ostracods	and	Coleopterans	 (diving	beetles)	 (Table	2.6).	At	 the	 first	
sampling	occasion	(16/09/2015),	Nematodes,	Molluscs	and	weevils	were	also	found	at	most	sites,	
whereas	at	the	second	sampling	occasion	(8/10/15),	when	water	levels	had	dropped	significantly,	







These	 include	 Nematoda,	 Gastropoda,	 Acarina,	 Cladocera,	 Ostracoda,	 Trichoptera	 and	









Taxon	list	 16.09.15 	 	 08.10.15 14.10.15	
Class/Phylum	 Common	name	 1	 2	 3	 4	 5	 6	 1	 2	 3	 4	 5	 6	 7	
NEMATODA	 Worm	1	 X	 X	 X	 X	 X	 X	 X	 		 		 		 		 		 		
	 Worm	2	 		 	 	 		 X	 X	 		 		 	 	 	 	 	 
PLATYHELMINTHES	 Flatworms	
(Turbellaria)	
	 	 	 	 	 	 		 	 	 X	 	 	 	
MOLLUSCA	 Freshwater	snail	
(Gastropoda)	
X	 X	 X	 X	 X	 		 		 		 X	 		 X	 X	 	
CRUSTACEA	
MICROCRUSTEACEA	
Ostracoda	 X	 X	 X	 X	 X	 X	 X	 X	 X	 X	 		 X	 X	
	 Copepoda		 	 	 X	 	   		 	      
AMPHIPODA	 Sp.	1	 X	 X	 X	 X	 X X X	 X	 X  X X X 
	 Sp.	2	 	 	 	 	   	 X	  X    
ISOPODA	 Waterslater	 		 		 		 		 	 	 		 		 	 		 	 	 	 
Cherax	destructor	 1x	Yabby	 	 	 	 	   X	 	      
ARACHNIDA	 	 	 	 	 	   	 	      
ACARINA	 Big	red	mite		 	 X	 X	 X	 	 X	 		 X	 	 	 X	 	 X	
ARANEAE	
INSECTA	
Wolf	spider	 		 		 X	 		 		 X	 		 		 		 	 		 X	 		
ODONATA	 Damselfly	nymph	 X	 		 X	 		 		 		 		 X	 X	 X	 X	 X	 X	
EPHEMEROPTERA	 Mayflies	 	 	 	 	 	 	 		 	 ?	 	 	 	 	
COLEOPTERA	 Unidentified	SP.	1	 	      		 X	 	 	 ? ?  
		 ?Aquatic	weevils	 X	 X	 X	 X	 X	 X	 		 		 		 		 		 		 		
	 Diving	beetles	 X	 X	 X	 X	 X	 X	 		 X	 	 X	 X	 X	 X	
		 Unidentified	sp.	2	 	 	 X X 	 	 		 		 		 	 		 		 		
TRICHOPTERA	 Unidentified	1	 	 	 	 X	 X	 	 		 	 	 	 	 	 	
	 Unidentified	2	 		 		 X	 		 		 		 		 		 		 		 		 		 		
	 Unidentified	3	 	 	 X	 	 	 	 		 	 	 	 	 	 	
DIPTERA	 Larvae	 	 	 	 	 	 	 		 	 X	 	 	 	 	
AMPHIBIA	 		 		 	 		 		 	 	 		 		 	 	 	 	 	 







least	 8	 have	 been	 identified	 at	 Little	 Darkin	 Swamp;	 Eryngium	 pinnatifidum	 subsp.	 palustre,	
Rhodanthe	 pyrethrum,	 Schoenus	 natans,	 Tribonanthes	 sp.,	 Isoetes	 drummondii,	 Ornduffia	
submersa	(previously	Villarsia	submersa),	Verticordia	plumosa	and	Stylidium	sp.		
The	 flora	of	 Little	Darkin	 is	most	 similar	 to	 the	claypans	of	 the	Pinjarra	plain	described	by	Sim	
(2012).	These	include	shrublands	dominated	by	Melaleuca	species	(including	M.	lateritia	and	M.	
viminea),	 and	 perennial	 sedgelands	 associated	 with	 these	 two	 species.	 Deeper	 claypans	 are	











(Thelymitra	 mucida,	 Microtis	 atrata,	 and	 Prasophyllum	 macrostachyum)	 and	 six	 species	 of	
Stylidium	(Table	2.7).	Some	of	the	species	observed	at	Little	Darkin	Swamp	are	listed	as	threatened	
and	 priority	 flora	 by	 the	 Department	 of	 Parks	 and	 Wildlife	 (Tanya	 Llorens,	 personal	
communication)	including	Stylidium	asymmetricum	(Priority	2),	Phyllangium	palustre	(Priority	2),	
Stylidium	rubricalyx	(Priority	3),	Schoenus	natans	(Priority	4),	Ornduffia	submersa	(Priority	4),	and	
Acacia	 cuneifolia	 (Priority	 4).	 Priority	 2	 species	 are	 species	 that	 are	 known	 from	 one	 or	 few	
locations,	 located	 in	 areas	of	 nature	 conservation	 and	 are	 in	 urgent	 need	of	 further	 research.	











Type	 Species	name	 Type	 Species	name	
Annuals	 Hyalosperma	cotula*		 Aquatic	 Marsilea	drummondii*	
	 Podolepis	gracilis	 	 Cycnogeton	huegelii*	
	 Drosera	glanduligera	 	 Ornduffia	submersa*(P4)	
	 Rhodanthe	pyrethrum*	 	 Crassula	natans*	
	 Utricularia	multifida*	 	 Myriophyllum	drummondii*	
	 Stylidium	calcaratum*	 	 Isoetes	drummondii*	







	 Lysimachia	arvensis	L.	 Perennials	 Acacia	cuneifolia	(P4)	
Hakea	marginata	
Geophytes	 Drosera	zoneria	 	 Hakea	varia	
	 Drosera	aberrans	 	 Melaleuca	lateritia*	
	 Thelymitra	antennifera	 	 Melaleuca	viminea	
	 Prasophyllum	macrostachyum*	 	 Verticordia	densiflora*	
	 Thelymitra	mucida*	 	 ?	Verticordia	plumosa	
	 Thysanotus	thyrsoideus	 	 Verticordia	acerosa	
	 Drosera	menziesii	 	 Chorizandra	enodis*		
	 	 	 ?	Juncus	sp.	
	 	 	 Meeboldina	coangustata*	
	 	 	 Orthrosanthus	laxus	
	 	 	 Conostylis	sp.	
	 	 	 Sowerbaea	laxiflora	
	 	 	 Stylidium	repens	
	 	 	 Ptilotus	manglesii	






and	 Zedler	 (1998)	 drew	 similar	 parallels	 between	 vernal	 pools	 of	 California	 and	 seasonally	











The	 Drummond	 Nature	 Reserve	 (DNR)	 is	 located	 in	 the	 Julimar	 State	 Forest	 in	 the	 Western	





















level	 terrain	 (Keeley	 &	 Zedler,	 1998).	 The	 DNR	 claypans	 represent	 the	 lowest	 point	 in	 the	
surrounding	landscape	on	level	terrain	(Forbes	&	Vogwill,	2012).		










conform	 to	 those	 of	 the	 claypans	 of	 the	 Drummond	 Reserve,	 with	 organic-rich	 topsoil	 and	
underlying	heavy	clay	rich	soil.		
The	 clay	 dominance	 (>90%)	 in	 freshwater	 claypan	 sediments	 indicates	 significant	 nutrient	
retention	capabilities,	 since	 they	have	an	ability	 to	 lock	N	and	P	 into	 the	 sediments	 (Forbes	&	
Vogwill,	2012).	However,	my	results	indicate	very	low	dissolved	N	and	P	in	the	water	column.		The	








temperatures.	 Like	 vernal	 pools,	 there	 is	 a	 lack	 of	water	 input	 by	 long	 distance	 drainage	 (see	
Keeley	&	Zedler,	1998).	Water	 loss	occurs	mainly	by	evapotranspiration,	although	there	 is	also	







that	 prevent	 aquatic	 and	wetland	 plant	 species	 from	 growing,	 and	 only	 terrestrial	 or	 tolerant	
perennial	 species	 can	 persist,	 such	 as	Melaleuca	 lateritia,	 Verticordia	 spp.	 and	 other	 woody	
perennial	 wetland	 shrub	 species	 (Loomes,	 2000).	 The	 transition	 phase	 between	 wet	 and	 dry	
occurs	 in	 mid-	 to	 late	 spring,	 when	 many	 water-dependent	 species	 disappear	 and	 there	 is	 a	
proliferation	of	short-lived	annuals	and	geophytes	in	the	outer	areas	of	the	wetland.		
	
The	 depth	 and	 duration	 of	 inundation	 at	 Little	Darkin	 Swamp	 varies	 on	 an	 inter-annual	 basis,	







Reserve	 claypans	 (Pinder	 et	 al.,	 2013)	 and	 is	 typical	 of	 this	 type	 of	 ephemeral	wetland	 (Jolly,	
Mcewan,	&	Holland,	2008;	Prober	&	Smith,	2009).	The	6	month	duration	of	the	hydroperiod	at	













The	 low	 conductivity	 at	 Little	 Darkin	 was	 similar	 to	 recorded	 conductivity	 at	 the	 Drummond	





Wildlife,	 2013).	 The	 levels	 of	 DO	 are	 considered	 within	 the	 ‘normal’	 range	 for	 freshwater	
environments	(6-10	mg/L)	(Sim,	2012b).	The	diurnal	changes	of	DO	was	more	pronounced	at	Little	
Darkin	 Swamp	when	water	 levels	 are	 low,	 and	especially	once	water	evaporated.	 The	 shallow	
basin	 results	 in	 high	 surface	 water	 to	 volume	 ratios	 and	 causes	 high	 diurnal	 changes	 in	
temperatures	which	in	turn	affects	levels	of	dissolved	oxygen.		
The	surface	water	pH	of	Little	Darkin	during	winter,	ranging	between	pH	6.4-6.8,	is	also	similar	to	













Nutrients	 were	 measured	 during	 the	 winter	 of	 2015	 when	 water	 levels	 were	 low,	 from	 two	
locations	 in	 the	 wetland.	 As	 temperature	 and	 irradiance	 are	 lower	 during	 winter,	 slower	




Nonetheless,	 the	 nutrient	 status	 of	 Little	 Darkin	 in	 winter	 2015	 was	 oligotrophic,	 with	 low	
nutrients	such	as	phosphates	and	nitrates.	There	was	a	relatively	high	amount	of	dissolved	oxygen	
in	the	water,	due	to	relatively	low	water	temperatures	and	an	abundance	of	aquatic	plants	(Sim,	
2012b).	 Vernal	 pools	 also	 tend	 to	 have	 low	 levels	 of	 nutrients	 that	 are	 similar	 to	 oligotrophic	
lacustrine	habitats	 (Keeley	&	 Zedler,	 1998).	 In	 addition,	 this	 is	 also	 similar	 to	 the	 low	nutrient	
concentrations	at	the	claypans	at	the	Drummond	Nature	Reserve	(TN	0.1-5mg/L	and	TP	≤0.5mg/L)	
(Forbes	&	Vogwill,	2012).	
Compared	 to	 vernal	 pools	 of	 California	 (CA),	 there	 were	 some	 similarities	 in	 specific	 nutrient	
concentrations.	Ammonium-nitrogen	levels	were	below	detection	for	both	Little	Darkin	Swamp	
and	vernal	pools	of	CA,	although	nitrate-nitrogen	levels	were	slightly	higher	for	CA	vernal	pools	
(0.17mg/L)	 (Rains	 et	 al.,	 2006).	 Much	 like	 at	 Little	 Darkin	 Swamp,	 phosphate-phosphorus	
concentrations	were	also	recorded	to	be	below	detection	limits	at	CA	vernal	pools.	
The	 proposed	 total	 nitrogen	 and	 phosphorus	 threshold	 required	 for	 protection	 of	 native	
vegetation	in	the	Western	Australian	Wheatbelt	is	4mg/L	and	5mg/L	respectively	(Prober	&	Smith,	
























Location	 Na+	 Cl-	 K+	 Mg2+	 Ca2+	
Little	Darkin	Swamp	 53	 69	 5	 2	 2	
Gnangara	mound	 76	 90	 2	 20	 2	
Swan	Coastal	Plain	 97	 96	 <1	 <1	 <1	




cover	 of	 Little	 Darkin	 is	 a	 micro-scale	 wetland	 complex	 with	 complete	 (>90%)	 cover	 (sensu	












based	on	elevation	which	 influences	 their	 frequency	 and	duration	of	 inundation,	 and	 leads	 to	
variation	in	the	vegetation	type.	Similarly,	vernal	pools	in	the	State	of	Washington,	USA,	have	also	
been	described	to	have	six	vegetation	zones	with	differing	widths	and	presence	(Crowe,	Busacca,	






















shrub	 layer	dominated	by	Melaleuca	 lateritia.	The	DNR	claypans	also	contain	a	number	of	 the	








period	 of	 inundation	 at	 the	wetland	 in	 the	 year	 of	 survey	 (2015),	 combined	with	 inadequate	
taxonomic	 knowledge.	 Many	 of	 the	 taxa	 were	 only	 able	 to	 be	 identified	 to	 class	 of	 phylum.	
Generally,	 years	 with	 shorter	 hydroperiod	 and	 less	 frequent	 flooding	 results	 in	 lower	 species	




diverse	 community	 compared	 to	 other	wetlands	 of	 southwestern	 Australia,	 suggesting	 a	 high	
diversity	could	also	be	present	at	Little	Darkin.	Many	of	the	invertebrate	species	cannot	tolerate	
major	 changes	 in	 water	 chemistry,	 in	 particular	 salt	 and	 nutrients	 (Forbes	 &	 Vogwill,	 2012).	
However,	 salinity	 at	 Little	 Darkin	 was	 low	 (0.124	 ppt),	 suggesting	 that	 this	 would	 not	 affect	
richness,	as	low	levels	of	salinity	generally	does	not	decrease	species	richness	in	the	Wheatbelt	of	
Western	 Australia	 (Delaney,	 Shiel,	 &	 Storey,	 2016).	 In	 addition,	 nutrient	 levels	 were	 below	




















of	 these	 invertebrates	 are	 strongly	 adapted	 to	 highly	 variable	 hydrological	 regimes	 (Brock,	
Nielsen,	Shiel,	Green,	&	Langley,	2003).		
To	get	a	broader	picture	of	the	macroinvertebrate	communities	and	species	richness	at	claypans,	
it	 is	 recommended	 to	 sample	 once	 a	 year	 and	 consider	monitoring	 results	 over	 several	 years	

















its	 wetland	 attributes.	 There	 were	 similarities	 particularly	 in	 terms	 of	 topography,	 soil	 and	
substrate,	 vegetation	 structure	 and	 communities,	 hydrology,	 nutrients	 and	 hydrochemistry.	
However,	 there	were	also	 some	differences,	 such	as	 size	and	 floristics,	 and	due	 to	 the	 lack	of	
information	about	macroinvertebrates	both	at	Little	Darkin	Swamp	and	vernal	pools	of	California	
it	is	not	known	whether	the	aquatic	fauna	conforms.	These	similarities	in	addition	to	the	similar	





























Gross	 primary	 production	 (GPP)	 and	 respiration	 (R)	 are	 considered	 the	 most	 fundamental	
processes	in	ecosystems	(Hu	et	al.,	2015).	They	describe	biochemical	pathways	that	make	organic	
carbon	molecules	 and	 energy	 available	 to	 the	 cells,	 and	 integrate	 biogeochemical	 and	 trophic	
processes	at	the	ecosystem	level.	These	processes	are	known	as	ecosystem	metabolism,	which	is	
an	integrated	measure	of	overall	rates	of	organic	matter	production	(GPP)	and	consumption	or	
respiration	 (R)	 (Odum,	 1956).	 In	 recent	 decades,	 there	 has	 been	 increasing	 interest	 in	
understanding	the	controls	on	ecosystem	metabolism	in	aquatic	systems	(Hu	et	al.,	2015).	
Gross	primary	production	(GPP),	ecosystem	respiration	(R)	and	their	relative	contribution	given	
by	net	ecosystem	production	 (GPP-R=	NEP)	and	the	P/R	ratio	 (GPP:R)	 (Hunt	et	al.,	2012)	show	
large	 temporal	and	 spatial	 variations	across	aquatic	ecosystems	 (Staehr	&	Sand-Jensen,	2007).	
NEP	can	be	used	to	understand	the	role	of	lakes	as	sources	or	sinks	of	atmospheric	CO2	through	
net	heterotrophic	or	autotrophic	annual	balances,	and	can	be	used	to	evaluate	the	trophic	state	








(and	 therefore	 carbon)	 is	 produced	 via	 photosynthesis	 than	 that	 consumed	 via	 respiration.	 A	









By	measuring	 concentrations	 of	 dissolved	 oxygen	 (DO)	 in	 wetlands,	 gross	 primary	 production	
(GPP)	 and	 ecosystem	 respiration	 (R)	 can	 be	 estimated	 (Grace	 &	 Imberger,	 2006).	 GPP	 is	 the	
assimilation	 of	 inorganic	 carbon	 into	 organic	 plant	 material	 and	 release	 of	 oxygen	 via	
photosynthesis.	 R	 is	 the	 release	 of	 CO2	 and	 oxygen	 uptake	 due	 to	 the	 organism’s	 aerobic	








of	 oxygen	 between	 air	 and	water	 (Staehr	 et	 al.,	 2010).	 Thus	 the	 long	 term	monitoring	 of	 DO	
dynamics	in	lakes	allows	quantification	of	lake	metabolism	(Hu	et	al.,	2015).	During	daylight	hours,	




physical,	 chemical,	 and	 biological	 forces	 such	 as	 temperature,	 irradiance,	 wind	 speed,	 pH,	
nutrients	and	carbon	(Hu	et	al.,	2015).	These	factors	create	temporal	variations	in	metabolism,	
which	 can	 be	 observed	 at	 different	 scales.	 Daily	 and	 weekly	 variability	 in	metabolism	 can	 be	
caused	by	variations	in	irradiance,	whereas	monthly	and	seasonal	changes	in	metabolism	suggest	
changes	in	trophic	group	activity	and	ecosystem	structure	(Staehr	&	Sand-Jensen,	2007).		






support	 net	 autotrophy	 during	 inundated	 periods	 due	 to	 active	 plant	 growth,	 and	 net	
45	
	








receive	 organic	 carbon	 from	 multiple	 autochthonous	 and	 allochthonous	 sources.	 Primary	
production	 by	 plants	 including	 algae	 and	 macrophytes	 within	 the	 system	 make	 up	 the	










Identifying	 the	 carbon	 sources	 supporting	 aquatic	 consumers	 and	 their	 quality	 is	 central	 for	
understanding	 food	 web	 dynamics	 (Blanchette,	 et	 al.,	 2014).	 Carbon	 stable	 isotope	 ratios	 in	
organisms	closely	reflect	those	of	their	diet,	whereas	nitrogen	stable	isotopes	in	organisms	are	
often	 enriched	 compared	 to	 their	 diet	 (Jones	 et	 al.,	 1998;	 Peterson	 &	 Fry,	 1987).	 Given	 that	
different	 sources	 of	 carbon	 (i.e.	 food)	 have	 distinct	 carbon	 isotope	 ratios,	 their	 relative	





(Gladyshev,	 2009).	 The	 13C:12C	 ratio	 is	 used	 to	 determine	 the	 relative	 contributions	 of	
autochthonous	 and	 allochthonous	 carbon	 sources	 in	 freshwater	 ecosystems,	 whereas	 the	























to	%DO	saturation	 (see	Grace	&	 Imberger,	2006).	Several	 spot	measurements	were	also	 taken	
using	 a	 water	 quality	meter	 at	 the	 two	 DO	 data	 logger	 sites,	 including	 dissolved	 oxygen,	 pH,	
conductivity	and	temperature	(see	Chapter	2).		





















not	 changed,	and	 there	 is	no	depletion	of	nutrients	or	oxygen	caused	by	 the	 fluorescence	DO	






















For	 the	purpose	of	 this	 study,	 fluorescence	DO	probes	 (HOBO	U26-001	Dissolved	Oxygen	Data	
Logger)	 were	 used.	 In	 contrast	 to	 electrochemical	 DO	 probes,	 no	 oxygen	 is	 consumed	 during	
recordings	by	 the	 fluorescence	probes	 and	 they	 are	 therefore	more	accurate	 in	 very	 low-flow	
conditions	(Grace	&	Imberger,	2006)	such	as	those	found	at	Little	Darkin	Swamp.	The	HOBO	logger	
uses	RDO®	Basic	(Rugged	Dissolved	Oxygen)	optical	DO	sensor	technology	with	0.2	mg/L	accuracy. 

















data	graphing	and	data	export	 for	 further	analysis. Observed	DO	changes	were	 related	 to	 the	
identified	 re-aeration	 change,	 respiration	 and	 GPP.	 Average	 night-time	 respiration	 rate	 was	
determined	and	assumed	to	be	the	same	as	daylight	respiration	(Staehr	et	al.,	2010).	Calculation	
of	 ecosystem	metabolism	 from	 the	 logger	 data	 followed	 the	 steps	 and	 equations	 outlined	 in	
Staehr	 et	 al.	 (2010).	 Parameters	 calculated	were:	 the	 depth	 of	 the	mixed	 layer	 (Zmix),	 oxygen	
concentration	in	water	in	equilibrium	with	the	atmosphere	at	ambient	temperature	(O2sat),	actual	
DO	 concentration	 (mg	 L–1),	 Schmidt	 number,	 piston	 velocity	 (k),	 oxygen	 exchange	 with	 the	




The	 statistical	 program	 R	 (version	 3.0.1,	 5/6-2013)	 was	 used	 to	 manipulate	 the	 metabolism	


















































and	 weights	 were	 recorded	 in	 μgL−1.	 All	 collected	 samples	 were	 placed	 on	 ice	 immediately,	
transported	to	the	university	facilities	and	frozen	as	quickly	as	possible	for	stable	isotope	analysis	
(as	per	Bunn	et	al.,	2003).	
Aquatic	 consumers,	 including	macroinvertebrates	 and	 tadpoles	 (Hadwen	&	Bunn,	 2004),	were	
collected	in	a	500-μm	mesh	pore	size	dip-net	swept	evenly	for	at	least	20	seconds	through	the	
varying	habitats	present	at	each	location.	The	contents	were	emptied	into	zip-lock	bags	and	kept	




species	 in	 the	area:	Glauert’s	Froglet	 (Crinia	glauerti),	Motorbike	Frog	 (Litoria	moorei),	Slender	








et	 al.,	 2010).	 Macroinvertebrates	 were	 categorised	 according	 to	 functional	 feeding	 groups	









pestle,	 depending	 on	 roughness	 (Leigh	 et	 al.,	 2010).	 Each	 sample	 was	 large	 enough	 to	 hold	
between	20-150μg	of	nitrogen	and	200-2000μg	of	carbon.	The	appropriate	sample	weight	was	
calculated	using	the	Sample	Weight	Calculator	from	the	SIF	website.	Samples	were	then	organised	







isotope	 ratio	mass	 spectrometer	 (Sercon	 Ltd.,	 Cheshire,	UK).	 The	 samples	were	 combusted	 at	
1000°C	in	a	chromium	oxide	and	silvered	copper	oxide-packed	reactor	(Stable	Isotope	Facility	UC	
Davis,	2015).	After	the	combustion,	samples	were	placed	in	a	reduction-reactor	to	remove	oxides	
(copper	 reduced	 at	 650°C).	 Before	 entering	 the	 IRMS,	 N2	 and	 CO2	 were	 separated	 using	 a	
Carbosieve	GC	column	(65°C,	65	mL/min).	During	analysis,	the	samples	were	spread	with	several	































sources	 are	 sampled,	 a	 low	 ‘maximum’	 (99th	 percentile)	 indicates	 a	 source	 is	 unlikely	 to	 be	
important,	a	high	‘minimum’	(1st	percentile)	indicates	a	source	is	likely	to	be	important,	and	a	small	





highest	 and	 temperatures	 were	 low.	 As	 rainfall	 decreased	 significantly	 in	 September	 and	
temperatures	started	increasing,	water	levels	started	decreasing	(Chapter	2,	Figure	2.5	and	Figure	
2.6).		



















Figure	 3.2	 shows	 the	 dissolved	 oxygen	 and	water	 temperature	 dynamics	 during	 the	 sampling	
period.	As	temperature	increased	toward	the	end	of	winter	and	spring,	so	did	the	range	in	DO	at	
both	sampling	locations.	Daily	fluctuations	in	DO	were	highest	in	September	in	the	open	water	
location,	 and	 in	 October	 in	 the	 vegetated	 location.	 Changes	 in	 DO	 followed	 changes	 in	
temperature	during	the	sampling	period,	and	were	higher	in	the	open	area	location	as	a	result	of	
higher	water	 temperatures	 due	 to	more	 light	 exposure	 (and	 shallower	water,	 see	 Chapter	 2).	
Maximum	and	minimum	DO	concentration	were	approximately	15	mg/L	and	5	mg/L	at	the	open	
water	 site,	 and	 approximately	 12	 mg/L	 and	 approximately	 2	 mg/L	 at	 the	 vegetated	 site,	















The	open	water	 and	vegetated	 site	had	 similar	 trends	 in	daily	GPP	and	R	during	 the	 sampling	
season	 (Figures	 3.3a	 and	 3.3b).	 Highest	 GPP	 and	 R	 rates	 occurred	 in	 early	 spring	 (October),	
reaching	a	maximum	of	approximately	5	g	O2m-3d-1	GPP	and	8	g	O2m-3d-1	R	in	both	locations.		
There	was	a	high	daily	variability	in	NEP	(GPP-R)	throughout	the	wet-season	in	2016	(Figure	3.3c).	
Data	 from	both	 locations	 in	 the	wetland	suggest	 that	 Little	Darkin	Swamp	alternated	between	













































































































































































(Table	 3.2).	 On	 average	 for	 the	 entire	 sampling	 period,	 the	 open	 water	 location	 was	 net	
autotrophic	 (NEP>0,	GPP:R>1),	whereas	 the	 vegetated	 location	was	net	heterotrophic	 (NEP<0,	
GPP:R<1)	 (Table	 3.2).	 The	 reason	 for	 the	difference	 in	metabolism	between	 the	 two	 locations	
could	 be	 due	 to	 the	 zone	 of	 influence	 on	 the	 sensor and the different processes occuring in 































































Location	 R	 GPP	 NEP	 GPP:R	
Log	1	 0.45	 1.59	 1.14	 3.54	
Log	2	 2.39	 1.49	 -0.89	 0.63	




food	web	 in	 the	wetland.	 The	 δ14N	 values	 show	 the	 trophic	 levels	 of	 the	 organisms	 sampled;	
primary	producers	are	found	at	the	base	of	the	food	web,	followed	by	the	1st	order	consumers,	
2nd	 order	 consumers	 and	 the	 top	 predator	 (red	mite)	 (Figure	 3.7).	 The	mites	 are	 likely	 to	 be	
parasites	on	other	organism	and	hence	sitting	high	in	the	trophic	structure.	The	δ13C	values	show	



















was	 initially	 scraped	 off	 macrophyte	 leaves,	 which	 caused	 mixing	 of	 materials	 producing	 an	





The	 1st	 order	 consumers	 comprised	 Dytiscidae	 (water	 beetles),	 Amphipoda,	 Curculionoidea	
(weevils),	 Ostracoda	 and	 Gastropoda	 (snails).	 The	 2nd	 order	 consumers	 comprised	 Zygoptera	




















































biofilm	 and	 macrophytes,	 which	 may	 indicate	 that	 the	 litter	 is	 from	 terrestrial	 sources	 and	
colonised	by	microbes.	The	δ13C	enriched	consumers	are	possibly	feeding	on	terrestrial	sources,	
while	 the	 group	 of	 consumers	with	 depleted	 δ13C	 are	 feeding	 on	 a	 basal	 source	 that	was	 not	
sampled.	Possibilities	of	alternative	carbon	sources	which	are	depleted	in	carbon	include	microbial	






higher	 plants,	 macrophytes	 and	 biofilm.	 This	 suggests	 that	 they	 are	 either	 feeding	 on	 these	
primary	 producers	 directly	 or	 on	 other	 invertebrates	 that	 are	 feeding	 on	 this	 material.	 Food	



























The	 results	 from	 the	 open	 water	 and	 vegetated	 habitat	 sites	 at	 Little	 Darkin	 Swamp	 showed	
different	dynamics	in	metabolism	during	the	hydroperiod.	This	is	likely	to	have	been	caused	by	
the	structural	differences	at	the	two	sites;	one	being	highly	vegetated	and	with	more	shading	and	














biological	 characteristics	 (Coloso,	 Cole,	 &	 Pace,	 2011).	 Morphology	 and	 spatial	 complexity,	
together	with	mixing	by	wind,	can	affect	the	spatial	heterogeneity	of	metabolism	within	 lakes,	
explaining	 the	differences	observed	at	 the	 two	different	habitat	 types	at	 Little	Darkin	 Swamp.	
However,	apart	from	these	two	habitats,	the	wetland	was	fairly	uniform	(see	Chapter	2).	Further,	











gO2m-3d-1,	 GPP:R=1.09).	 It	 has	 been	 suggested	 that	 nutrient-rich,	 non-coloured	 (low	 dissolved	
organic	 matter)	 and	 productive	 aquatic	 ecosystems	 with	 high	 irradiance	 are	 net	 autotrophic	
(Staehr	et	al.,	2010),	however	this	description	does	not	fit	Little	Darkin	based	on	measurements	
from	2015	(see	Chapter	2).	Being	a	nutrient-poor,	coarse	particulate	organic	matter	(CPOM)	-rich	
and	 relatively	 unproductive	 system,	 Little	 Darkin	 Swamp	 would	 be	 expected	 to	 be	 net	
heterotrophic.	 The	 lack	of	 information	about	 Little	Darkin	 Swamp’s	nutrient	dynamics	 in	2016	
makes	 it	 difficult	 to	 examine	 the	 correlation	 with	 the	 alternating	 trophic	 state.	 However,	 a	
previous	study	on	ecosystem	metabolism	in	a	shallow	seasonal	Mediterranean	lake	also	showed	
annual	 net	 autotrophy	 (NEP=0.008	 gO2m-3d-1,	 GPP:R=1.16)	 (Lopez-Archilla,	 Molla,	 Coleto,	






This	 occurs	 because	 TP	 is	 limiting	 and	 stimulates	 GPP,	 hence	 controlling	 the	 autotrophic	
64	
	
component,	 and	 DOC,	 mainly	 from	 allochthonous	 sources,	 increases	 R	 and	 thereby	 net	
heterotrophy	 in	 lakes	 (Coloso	 et	 al.,	 2011).	 Furthermore,	 accumulation	 of	 humic	 matter	 can	
depress	 primary	 production	 in	 small	 nutrient-poor	 lakes,	 due	 to	 denitrification	 and	 uptake	 of	
scarce	 nutrients	 by	 decomposing	 microorganisms,	 which	 would	 also	 promote	 heterotrophy	




of	 dystrophic	 lakes	 (Staehr	 et	 al.,	 2010).	However,	 the	 net	 autotrophy	 at	 Little	Darkin	 Swamp	
suggests	 that	 autochthonous	 organic	 matter	 is	 the	 most	 important	 energy	 source	 to	 the	
community	respiration	during	peak	water	levels.	Net	autotrophy	within	systems	can	support	an	
export	of	organic	matter	from	the	ecosystem,	and/or	accumulation	of	organic	matter	within	the	
system	 (Staehr	 &	 Sand-Jensen,	 2007),	 whereas	 net	 heterotrophy	 occurs	 when	 more	 organic	
matter	is	respired	than	produced	(Hu	et	al.,	2015).		
However,	 the	majority	of	primary	productivity	at	Little	Darkin	Swamp	 is	 terrestrial	with	higher	
rates	of	primary	production	due	to	the	high	abundance	of	Melaleuca	shrubs	(rather	than	aquatic	
production).	 This	 results	 in	 addition	 of	 large	 amounts	 of	 ‘terrestrial’	 leaf	 litter	 to	 the	 system,	
contributing	to	heterotrophy	through	decomposition.	When	water	is	added,	decomposition	of	this	

































system.	This	 shift	between	net	 autotrophy	and	heterotrophy	with	 changes	 in	 rates	of	primary	
production	 is	 not	 uncommon	 for	 aquatic	 systems,	 and	 especially	 lakes	 (Sadro,	 Melack,	 &	
MacIntyre,	2011).	During	net	heterotrophic	periods	the	wetland	experienced	import	of	organic	
matter	 from	 outside	 the	 system	 or	 experienced	 net	 degradation	 of	 organic	 pools	 within	 the	








suggested	that	primary	production	 in	shallow	seasonal	Mediterranean	 lakes	experiencing	 large	












































analysis	 and	not	 sampled	 for	 SIA.	During	 the	2016	wet	 season	 sampling	however,	 filamentous	
algae	was	observed	in	large	amounts,	suggesting	that	this	might	be	a	food	source	for	the	primary	




native	 (kangaroos	 and	 emus)	 animals	 or	 fire.	 There	 are	 already	 signs	 that	 grazing	 is	 causing	
patchiness	of	the	vegetation,	potentially	reducing	the	primary	production	and	growth	of	plants	in	
the	wetland.	 This	 could	have	 serious	negative	 consequences	 for	 the	 food	web	of	 Little	Darkin	
Swamp,	 as	 well	 as	 the	 potential	 to	 alter	 the	 trophic	 status	 of	 the	wetland.	 Furthermore,	 the	
dynamics	of	the	metabolism	during	the	hydroperiod	seems	to	depend	highly	on	water	levels	and	


















Temporary	 wetlands	 vary	 considerably	 in	 their	 frequency,	 duration	 and	 timing	 of	 flooding	
(Boulton	et	al.,	2014).	As	the	predictability	and	duration	of	flooding	decreases,	the	variability	of	
their	water	regimes	increase,	and	the	ratio	of	dry	phase	to	wet	phase	becomes	greater.	Wetland	
water	 regimes	 are	 categorised	 into	 permanent	 or	 semi-permanent	 with	 highly	 predictable	
flooding	patterns,	 intermittent	with	 irregular	 flooding,	 seasonal	or	episodic	with	unpredictable	
and	temporary	flooding	(Brock	et	al.,	2003).	For	all	the	non-permanent	wetlands,	a	dry	phase	is	
considered	a	stress	but	not	a	catastrophe	 for	 the	organisms	that	have	evolved	to	 live	 in	 these	





the	 disturbance.	 In	 fact,	 wetland	 flora	 and	 fauna	 have	 physiological,	 morphological	 and	
behavioural	 traits	 that	are	adapted	 to	both	dry	and	wet	conditions.	Dry	sediments	 in	seasonal	
wetlands	 are	 not	 biologically	 inactive,	 they	 are	 habitat	 for	 spore,	 seed	 and	 egg	 bank	 of	
phytoplankton,	algae,	plants,	and	zooplankton	and	other	aquatic	invertebrates.	Large	numbers	of	
dormant	aquatic	plant	seeds	and	vegetative	propagules,	as	well	as	eggs	of	zooplankton,	are	found	
in	 the	 sediments.	These	propagules	can	persist	 from	days	 to	months	 to	years	 to	decades,	and	
recolonise	when	the	wetland	once	again	becomes	inundated.	The	communities	rely	on	a	specific	
cycle	of	dormancy,	dormancy	breakage,	hatching,	germination,	establishment	and	reproduction	

























spring	 when	 rainfall	 is	 at	 its	 highest,	 and	 when	 evapotranspiration	 is	 at	 its	 lowest.	 The	 only	
unpredictable	element	in	the	hydrology	is	the	timing,	extent	and	duration	of	the	inundation,	which	
depends	 almost	 entirely	 on	 the	 rainfall	 pattern.	 Due	 to	 the	 position	 in	 the	 landscape	 of	 this	
wetland,	surface	runoff	will	be	 local	only,	and	groundwater	fluctuations	have	 little	 influence	 in	
wetland	filling	or	drying	(see	Chapter	2).		
Based	on	the	above	considerations	I	can	assume	that	the	biota	will	be	dominated	by	those	taxa	













The	 wetland	 was	 divided	 into	 4	 elevation	 levels,	 corresponding	 to	 the	 4	 inundation	 zones	
described	 in	 Chapter	 2	 (Figure	 2.4),	 and	 replicated	 sediment	 samples	 from	 each	 zone	 were	
compared.	Water	 chemistry,	 productivity	 (primary	 production,	 secondary	 production,	 organic	




































Inundation	zone	 Vegetation	type	 Elevation		 Samples	
1	 V1a	+	V1b	 0-10cm	 4x	
2	 V4	 10-20cm	 4x	
3	 V5	 20-30cm	 4x	
4	 V6	 30-50cm	 4x	














































each	 tank	with	water	 of	 similar,	 but	with	 standardized,	 conductivity	 levels	 (300µS	 to	match	 a	
starting	conductivity	level,	see	Chapter	2).	Each	aquarium	was	filled	with	a	total	of	6L	of	the	water,	
poured	slowly	down	the	side	of	a	tilted	wall.	Once	filled,	the	water	line	was	marked	and	aquaria	













Physicochemical	 measurements	 included	 dissolved	 oxygen	 (DO),	 temperature,	 pH	 and	
conductivity,	 and	 were	 measured	 using	 a	 Thermo	 Scientific	 Orion	 Star	 A329	




















Chlorophyll-a	 was	 used	 to	 estimate	 phytoplankton	 biomass	 and	 was	 measured	 as	 follows.	 A	
known	volume	of	up	 to	1L	of	water	 from	each	aquarium	was	 filtered	onto	a	1.2	µm	glassfibre	
filterpaper	(Whatman	GF/C).	All	parts	of	the	filtration	tower	were	rinsed	with	de-ionised	water	
prior	to	use	and	between	samples.	The	volume	of	water	filtered	was	recorded	and	filter	papers	
used	 for	 each	 sample	 were	 combined	 and	 folded,	 wrapped	 in	 aluminium	 fold	 and	 labelled	
















































The	 statistical	 software	 PRIMER	 v6	 with	 PERMANOVA+	 add-on	 was	 used	 for	 univariate	 and	
multivariate	 analysis	 (Clarke	 &	 Gorley,	 2006).	 All	 biological	 (i.e	 macroinvertebrate)	 and	






ordination	 plots	 of	 the	 environmental	 variables	 for	 visualisation	 of	 the	 differences	 in	
biogeochemical	conditions	between	the	zones.	PERMANOVA	was	used	to	test	for	overall	and	pair-
wise	 differences	 between	 the	 zones	 for	 individual	 variables.	 Where	 appropriate,	 ANOSIM	 in	

























The	 BEST	 procedure	was	 used	 in	 PRIMER	 to	 identify	 which	measure	 of	 each	 physicochemical	
variable	 (DO,	 pH,	 conductivity,	 and	 water	 temperature)	 most	 closely	 matched	 the	




















the	 patterns	 for	 each	 parameter	 (see	 Figure	 6.5	 and	 Figure	 6.6	 in	 Appendix	 III)	 for	 graphical	
representations).	






Generally,	 fluctuations	 in	 DO	 followed	 changes	 in	 water	 temperature	 caused	 by	 ambient	
temperatures.	Replicate	aquaria	from	zones	1	and	2	had	overall	significantly	lower	average	levels	
of	 dissolved	oxygen	 than	 zones	 3	 and	 4	 during	 the	 experiment	 (One-way	ANOVA,	 p=0.00	 and	













likely	 due	 to	 changes	 in	 temperature	 and	DO.	After	 day	 20,	 the	pH	 stabilised	 in	 all	 zones	 and	
remained	relatively	constant	during	the	rest	of	the	experiment.		
	




















approximately	 8-9	mg/L	 in	 all	 aquaria	 to	 around	 6.5	mg/L	 in	 those	 from	 zones	 1	 and	 2,	 and	
approximately	 7.5	 mg/L	 for	 those	 from	 zones	 3	 and	 4	 (Figure	 4.2a).	 On	 average,	 oxygen	
























vegetation,	 particularly	Melaleuca	 lateritia	 and	 sedges,	 occurring	 in	 these	 areas	 as	 a	 result	 of	
longer	inundation.	This	pattern	could	also	be	explained	by	faster	accumulation	of	OM	in	sediments	










The	 highest	 average	 concentrations	 of	 total	 nitrogen	 (5mg/L	 and	 4.4mg/L)	 were	 observed	 in	
aquaria	 from	zones	1	and	2,	while	 those	 from	zones	1	and	3	had	 the	highest	 amount	of	 total	
phosphorus	(0.123mg/L	and	0.130mg/L).	However,	only	average	total	nitrogen	was	significantly	
















































































































pH	 during	 the	 last	 24	 hours	 (pH.av24),	 difference	 in	 conductivity	 in	 the	 first	 5	 days	 of	 the	




results	 for	 these	 variables	 (Table	 4.2).	 On	 the	 vertical	 axis,	 the	 separation	 in	 environmental	
response	 to	 re-hydration	 is	 caused	 by	 differences	 (negative	 correlation)	 in	 total	 phosphorus	




















Variable	 Zone	1	 Zone	2	 Zone	3	 Zone	4	 PERMANOVA	p-perm	
N	(mg/L)	 5.03	a	 4.53	a	 2.17	b	 2.07	b	 0.007	
P	(mg/L)	 0.12	 0.08	 0.10	 0.07	 	
Gilvin	(g440)	 82.16	ac	 23.95	b	 138.01	ac	 63.22	abc	 0.02	
Plant	mass	(g)	 0.29	 0.22	 0.15	 0.24	 	
OM	(%	LOI)	 22.03	a	 12.77	a	 2.56	b	 3.28	b	 0.001	
Periphyton	(g)	 0.02	 0.02	 0.02	 0.02	 	
Chl	a	(mg/L)	 0.63	a	 0.63	a	 0.50	a	 1.25	b	 0.006	
DO	24	(mg/L)	 9.44	 6.77	 8.04	 8.00	 	
DO	lost	48	(mg/L)	 2.03	ab	 2.20	a	 1.00	b	 1.34	ab	 0.018	
DO	start	(mg/L)	 5.35	 6.45	 7.42	 7.26	 	
DO	8-33	(mg/L)	 8.61	a	 8.69	ab	 8.95	b	 8.86	b	 0.053	
Cond	24	(µS/cm)	 597.63	a	 491.9	a	 390.2	b	 360.1	b	 0.007	
Cond	start	(µS/cm)	 548	a	 516	a	 353.3	b	 340.1	b	 0.002	
Cond	8-33	(µS/cm)	 597	a	 513.9	a	 383	b	 355.9	b	 0.007	
Cond	0-5	(µS/cm)	 183	a	 166.2	a	 37.2	b	 26.50	b	 0.002	
pH	24	 5.69	a	 5.63	a	 5.85	b	 5.83	ab	 0.031	
pH	start	 5.4	a	 5.2	b	 5.5	ab	 5.5	b	 0.001	
pH	8-33	 5.79	 5.70	 5.93	 5.87	 	
Temp	start	(°C)	 22.1	 22.1	 21.9	 22.2	 	
Temp	8-33	(°C)	 21.7	 21.6	 21.7	 21.7	 	
	
BEST	 routine	 (PRIMER)	was	 used	 to	 reduce	 the	 number	 of	 variables	 to	 11,	 choosing	 only	 the	
measure	 of	 each	 physicochemical	 variable	 (DO,	 pH,	 temperature	 and	 conductivity)	 which	
correlated	most	strongly	with	the	macroinvertebrate	data.	
A	 cross-correlation	 matrix	 showed	 that	 there	 were	 still	 correlations	 among	 these	 11	
environmental	 variables	 (Table	 6.5,	 Appendix).	 Sediment	 organic	 matter	 content	 (%LOI)	
correlated	negatively	with	DO	during	 stable	period	of	experiment	 (day	8-33)	across	 the	zones,	



















in	 those	 from	 zone	 3	 (5	 taxa),	while	 zone	 4	 had	 the	 lowest	 richness	with	 4	 taxa	 (Figure	 4.5).	










Taxa	 Zone	1	 Zone	2	 Zone	3	 Zone	4	
ARTHROPODA	 	 	 	 	
Acarina	 1	 0	 0	 0	
Crustacea	 	 	 	 	
Amphipoda	 4	 0	 0	 0	
Ostracoda	 67	 60	 84	 160	
Copepoda	 17	 7	 1	 0	
Cladocera		 139	 7	 127	 307	
Insecta	 	 	 	 	
Zygoptera	 0	 5	 0	 0	
Chironomidae	 1	 2	 1	 0	
Ceratopogonidae	 27	 10	 0	 3	
Trichoptera	 0	 6	 0	 0	
NEMATODA	 32	 1	 0	 0	
PLATYHELMINTHES	 4	 3	 2	 2	













The	 distance-based	 redundancy	 analysis	 (dbRDA)	 plot	 showed	 some	 separation	 in	
macroinvertebrate	communities	between	the	zones	(Figure	4.6).	Aquaria	from	Zone	1	showed	the	
highest	 variability	 in	 their	 macroinvertebrate	 data.	 Aquaria	 from	 zones	 1	 and	 2	 were	 closely	
related	 to	 the	 right	 of	 the	 plot,	 and	 mostly	 separated	 from	 those	 from	 zones	 3	 and	 4.	 The	
environmental	parameters	with	the	 largest	effect	on	this	separation	and	highest	correlation	to	








































distribution;	 axis	 one	 explaining	 40.2%	 and	 axis	 2	 explaining	 18.3%	 of	 the	 variation.	 Overall,	
85.35%	of	the	total	variation	in	the	macroinvertebrate	data	was	explained	by	the	7	first	axes	of	
the	dbRDA	plot	in	the	DistLM.	The	marginal	test	in	DistLM	showed	that	only	change	in	conductivity	
during	 first	 5	days	 (Cond0-5)	 and	mean	DO	during	 the	 stable	 time	 (DO8-33)	were	 significantly	













The	 higher	 amounts	 of	 organic	matter	 can	 be	 attributed	 to	 higher	 densities	 of	 emergent	 and	




plant	 mass	 production,	 with	 nitrogen	 being	 released	 from	 the	 organic	 matter.	 Specifically,	



























and	 the	 high	 amounts	 of	 organic	matter	 leads	 to	 availability	 of	 nutrients	 in	 the	 sediments.	 In	
contrast,	decreased	bacterial	activity	in	the	drier	inundation	zones	causes	higher	DO	(and	lower	
consumption),	possibly	due	to	lower	availability	of	organic	matter	in	these	areas.	This	pattern	has	
also	 been	 found	 in	 sediment	 rehydration	 studies	 of	 North	 Lake,	 Western	 Australia	 (Qiu	 &	
McComb,	1994).		
Desiccation	 of	 sediments	 generally	 alters	 the	 nutrient	 dynamics	 following	 re-hydration	 of	
sediments	(Boulton	et	al.	2014).	It	has	previously	been	found	that	rehydration	of	dried	river	and	
lake	sediments	results	in	a	pulse	of	nitrogen	concentration,	which	promotes	macrophyte	growth	
(James,	Barko,	&	Eakin,	2004).	Higher	amounts	of	 leaf	 litter	 in	the	higher	inundation	frequency	
and	duration	 zones	 in	 the	 centre	 of	 the	wetland	 result	 in	 quick	 leaching	 of	 nutrients,	 such	 as	




the	 experiment	 indicated	 very	 low	 nutrients	 in	 the	 water	 column	 following	 rehydration	 of	
sediments,	suggesting	that	this	high	productivity	is	a	result	of	tight	recycling	of	nutrients,	i.e.	rapid	





outflow	 in	 the	 wetland	 (see	 Chapter	 2),	 any	 ions	 (mainly	 Na2+	 and	 Cl-)	 in	 the	 wetland	 will	












lower	 DO	 levels	 in	 the	 longer	 inundation	 zones	 suggest	 a	 more	 heterotrophic	 response	 to	
rehydration	of	dried	sediments,	as	was	hypothesised.		
As	the	higher	organic	matter	content	of	the	frequently	inundated	sediments	can	improve	water	





increases	 (Stubbington	 &	 Datry,	 2013;	 Stubbington,	 Gunn,	 Little,	 Worrall,	 &	 Wood,	 2016).	
Therefore,	 it	was	expected	that	the	 invertebrate	assemblages	 in	areas	near	the	centre	of	Little	









fact	 that	 the	 community	 compositions	were	 not	 statistically	 different	 between	 the	 frequently	
inundated	and	less	frequently	inundated	zones	is	likely	affected	by	the	small	sample	size	and	large	
variation	 in	 the	 data.	 The	 ordination	 (dbRDA)	 plot	 (Figure	 4.6)	 showed	 that	 the	 separation	
between	 the	 zones	 is	 not	 as	 clear	 when	 environmental	 parameters	 are	 combined	 with	 the	








during	 the	 long	 dry	 summers	 of	 southwestern	 Australia.	 The	 emergence	 of	 these	











One	explanation	 for	 the	 lack	of	 separation	observed	might	be	 the	 small	 sample	 size	and	 large	
variability	 between	 the	 samples.	 This	 was	 due	 to	 the	 patchiness	 of	 the	 system,	 larger	 areas	
sampled	yielded	larger	variation.	Because	some	zones	had	larger	surface	areas	than	others	(such	
as	 zones	 1	 and	 4),	 the	 sampling	 design	 might	 not	 have	 sufficiently	 captured	 the	 differences	
between	them.	A	consequence	of	this	might	have	been	un-even	sampling	of	the	eggs,	spores	and	
seeds	in	the	sediments,	as	they	are	not	distributed	evenly	across	the	surface	of	the	sediment.	This	






the	 properties	 of	 the	 sediment	 and	 their	 response	 to	 rehydration.	 These	 disturbances	 caused	
some	zones	to	be	more	homogenous	than	others,	producing	differences	in	variability.	In	terms	of	
differences	 in	macroinvertebrate	 emergence,	 the	 cause	 could	 also	 have	 been	 inconsistency	 in	
sampling	and	identification	due	to	lack	of	experience.	This	improved	with	every	sample	examined,	











content,	 plant	 growth,	 nutrients,	 ions	 and	 richness	 of	 macroinvertebrates.	 However,	 while	











are	considered	 to	be	one	of	 the	biodiversity	 jewels	 in	one	of	 the	world’s	biodiversity	hotspots	





summer,	 the	 wetlands	 completely	 dry	 to	 impervious	 pans	 (Brown	 et	 al.,	 2005).	 Similar	 to	
Californian	 vernal	 pools,	 these	ephemeral	 claypan	wetlands	 act	 as	 repositories	of	biodiversity,	






function,	 and	 what	 processes	 drive	 them.	 Therefore,	 the	 overall	 aim	 of	 this	 thesis	 was	 to	
understand	what	drives	Little	Darkin	Swamp,	one	such	claypan	system,	and	how	its	ephemeral	
























described	 in	 the	 previous	 chapters	 indicates	 that	 the	 ephemeral	 nature	 and	 ecology	 of	 this	
wetland	separate	it	from	other	seasonal	wetlands	in	southwestern	Australia.		
5.1	Characterisation	and	classification	of	Little	Darkin	Swamp	
The	ecological	 characterisation	of	 Little	Darkin	Swamp	 indicates	 the	many	similarities	with	 the	
vernal	pools	of	California	and	claypans	of	southwestern	Australia	in	terms	of	wetland	attributes	
(Chapter	2).	These	systems	differ	from	other	seasonal	wetlands	due	to	their	impervious	clay	base,	
which	 is	generally	perched	and	not	connected	to	groundwater.	However,	 relatively	 little	 is	still	




Although	 this	 study	 suggests	 there	 is	 little	 or	 no	 connection	 to	 groundwater	 at	 Little	 Darkin	
Swamp,	 research	 into	 groundwater	 connectivity	was	 out	 of	 the	 scope	 of	 this	 project.	 Further	
research	 will	 be	 beneficial	 for	 management,	 as	 hydrology	 is	 a	 key	 aspect	 for	 conservation	 in	
aquatic	ecosystems	(Davis	&	Froend,	1999;	Fennessy,	Jacobs,	&	Kentula,	2007;	Pettit,	Froend,	&	
















&	 Keighery,	 2005;	 Gibson,	 2010).	 Furthermore,	 Little	 Darkin	 can	 also	 be	 categorised	 as	 the	
southwestern	 Australian	 equivalent	 to	 Californian	 vernal	 pools,	 based	 on	 their	 numerous	








and	 trophic	 status	 (Russ,	Ostrom,	Gandhi,	Ostrom,	&	Urban,	 2004).	 The	 seasonal	wetting	 and	
drying	cycle	also	creates	specific	conditions	that	only	specialised	biota	are	adapted	to,	allowing	a	
unique	biotic	community	to	inhabit	the	clay	pans	(Pinder	et	al.,	2013).		
Being	 a	 shallow,	 perched,	 endorheic	 and	 rainfall-fed	 basin,	 the	 hydrology	 of	 Little	Darkin	 also	
















(via	 burning	 into	 the	 atmosphere)	 of	 organic	 matter	 during	 summer	 may	 also	 results	 in	 low	
respiration,	 and	 needs	 to	 be	 further	 researched.	 However,	 there	 is	 high	 productivity	 in	 the	
emergent	 terrestrial	 vegetation	 (M.	 lateritia),	which	 drops	 a	 large	 amount	 of	 leaf	 litter	 in	 the	






in	 the	 wetland.	 However,	 it	 has	 been	 recognised	 in	 recent	 years	 that	 allochthonous	 input	 of	
organic	matter	represents	an	important	source	of	carbon	for	the	food	webs	of	lake	ecosystems	
(Jones	&	Grey,	 2011),	 and	 that	 unproductive	 lakes	 are	 dominated	 by	 heterotrophic	 processes	
based	on	this	allochthonous	organic	carbon	(Jansson,	Persson,	De	Roos,	Jones,	&	Tranvik,	2007).	
In	contrast,	a	study	from	the	Macquarie	River	in	eastern	Tasmania,	with	high	seasonal	variability	
and	 intermittent	 flow,	 showed	 prevalence	 of	 aquatic	 macrophytes	 as	 food	 source	 for	 the	

















other	 shallow	 seasonal	 systems	 suggest	 that	 they	 are	 highly	 variable	 in	 metabolism,	 both	
temporally	and	spatially	(Hu	et	al.,	2015;	Russ	et	al.,	2004;	Sadro	et	al.,	2011).		
The	 structural	 heterogeneity	 of	 Little	 Darkin	 resulted	 in	 metabolic	 differences	 in	 contrasting	
habitats	within	the	same	system.	This	spatial	variability	in	metabolism	suggests	that	for	this	type	
of	wetland	with	variable	habitats,	ecosystem	metabolism	cannot	be	derived	by	using	a	one	station	
diurnal	 oxygen	method	 (Chapter	 3).	 It	 also	 suggests	 that	 metabolism	 is	 highly	 dependent	 on	
environmental	factors	such	as	temperature,	light	and	wind,	in	addition	to	density	of	vegetation.	











experiences	 a	 highly	 dynamic	water	 regime	with	 several	 transitional	 stages.	 These	 transitions	












lower	 amounts	 of	 dissolved	 oxygen,	 but	 also	 higher	 macroinvertebrate	 species	 richness.	 In	
contrast,	 the	more	 elevated	 areas	with	 lower	 frequency	 and	duration	of	 inundation	 are	more	
sparsely	vegetated	(Chapter	2),	and	thus	have	lower	organic	matter,	resulting	in	lower	nutrient	































contrast,	 longer	 and	more	 frequent	 inundation	 will	 have	 the	 opposite	 effect.	 Respiration	 will	




















animals,	 such	 as	 wild	 pigs,	 the	 occurrence	 of	 some	 weeds,	 and	 the	 presence	 of	 destructive	
recreational	 human	 activity.	 The	 wetland	 and	 surrounding	 area	 are	 relatively	 untouched	 by	
humans,	 however,	 4-wheel	 drive	 tracks	 within	 the	 wetland,	 shotgun	 cartridges	 from	 hunting	
activities	 and	 inappropriate	 disposal	 of	 rubbish	 have	 been	 observed	 around	 the	 wetland.	 In	
addition,	 the	 invasive	Cherax	destructor	 (most	 likely	 introduced	 for	 recreational	purposes)	has	
been	observed	in	the	nearby	dam,	and	was	also	observed	in	burrows	within	the	wetland.	These	
observations	 reinforce	 the	 need	 for	 protection	 and	 conservation	 of	 Little	 Darkin	 Swamp	 from	
future	harmful	disturbances.	
The	low	water	levels	and	prolonged	dry	phases	of	these	seasonal	claypans	make	them	particularly	






and	burrowing,	 though	some	native	animals	 such	as	kangaroos	can	also	have	adverse	 impacts	










frequent	 fire,	 grazing	 or	 clearing.	 In	 addition,	 exotic	 species	 can	 lead	 to	 alterations	 to	 the	
properties	 of	 the	 sediment	maintained	 by	 the	 native	 species,	 changes	 in	 carbon	 and	 nitrogen	
cycling,	and	alterations	of	the	amounts	of	organic	matter	deposited	onto	the	sediments.	These	
changes	can	in	turn	have	negative	consequences	for	the	aquatic	ecosystem	by	altering	the	amount	
and	 type	 of	 organic	material	 entering	 the	 system,	 altering	 internal	 processes	 such	 as	 nutrient	
cycling,	ecosystem	metabolism,	primary	production	and	carbon	cycling.		In	addition	to	causing	a	
shift	 in	 the	 trophic	 status	 of	 the	 system,	 this	 can	 have	 fatal	 consequences	 for	 the	
macroinvertebrate	 community	 by	 removing	 microrefuges	 in	 summer	 (Strachan,	 2016).	
Furthermore,	weeds	may	 carry	 pests	 and	 diseases	 and	 can	 lead	 to	 an	 increase	 in	 risk	 of	 fire.	
According	 to	 Gibson	 et	 al.	 (2005),	 approximately	 16%	 of	 the	 claypan	 flora	 in	 southwestern	
Australia	are	weeds,	suggesting	that	monitoring	and	prevention	of	invasion	is	needed	at	wetlands	
such	as	Little	Darkin	Swamp.			


































lateritia)	 have	 higher	 organic	 matter	 content	 and	 shading,	 keeping	 temperatures	 cooler	 and	
retaining	moisture	for	longer.	These	areas	are	therefore	desirable	for	macroinvertebrates	as	they	
allow	for	preparation	for	desiccation.	However,	areas	of	open	water	with	sparse	vegetation	dry	


























































































































































































































































































































































































































































































































Order	 Family	 Description	 Feeding	strategy	
Gastropoda	 	 Aquatic	snails	 Grazer	
Coleoptera	 ?Hydrochidae	 Aquatic	beetles	 Grazer/shredder	
	 	 Aquatic	weevils	 Grazer/shredder	
Araneae	 	 Spider	 Predator	
Acarina	 	 Aquatic	mites	 Predator/parasitic	
Odonata	 	 Damselfly	larvae	 Predator	
Crustacea	 	 Amphipods	 Shredder/grazer/filterer	
Ostracoda	 	 Ostracods	 Filter	feeder	





















































































































































































































































































Order/Species		 Zone	1	 Zone	2	 Zone	3	 Zone	4	
Nematoda	 X	 X	 -	 -	
Platyhelminthes	-	Turbellarians	 X	 X	 -	 -	
Platyhelminthes	?dugesia	sp.	 X	 -	 -	 -	
Platyhelminthes	(green)	 -	 X	 -	 -	
Platyhelminthes	(Planarian)	
Orange	dot	
-	 -	 -	 X	
Platyhelminthes	?Mesostoma	sp.	 -	 -	 X	 -	
Acarina	(red	water	mite)	 X	 -	 -	 -	
Copepoda	 X	 X	 X	 -	
Cladocera	(water	flea)	 X	 X	 X	 X	
Cladocera	?Simocephalus	sp.	 X	 -	 -	 -	
Ostracoda	(red/green)	 X	 X	 X	 X	
Ostracoda	(round	green	ball)	 X	 X	 X	 -	
Amphipoda	 X	 -	 -	 -	
Ceratopogonidae	w/hair	bristles	 X	 X	 -	 -	
Ceratopogonidae	(biting	midges)	 X	 X	 -	 X	
Chironomid	larvae	 X	 X	 X	 -	
Zygoptera	(skin)	 -	 X	 -	 -	
Philorheithridae	?Stick	caddis	 -	 X	 -	 -	
Hydroptilidae	?Micro	caddis	 -	 X	 -	 -	
?Plectrotarsidae	?Caddisflies		 -	 X	 -	 -	





N	 P	 OM%	 Plant	
mass	






Cond	0-5	 	 	 	 	 	 	 	 	 	 	 	
N	 0.5	 	 	 	 	 	 	 	 	 	 	
P	 -0.09	 0.5	 	 	 	 	 	 	 	 	 	
OM%	 0.6	 0.7	 0.2	 	 	 	 	 	 	 	 	
Plant	mass	 0.1	 -0.009	 -0.05	 0.2	 	 	 	 	 	 	 	
Gilvin	 -0.3	 -0.2	 0.2	 0.3	 -0.2	 	 	 	 	 	 	
Chl	a	 -0.2	 -0.3	 -0.2	 -0.1	 0.4	 -0.3	 	 	 	 	 	
Periphyton	 -0.1	 0.012	 0.2	 -0.07	 -0.1	 -0.3	 -0.1	 	 	 	 	
Temp	8-33	 -0.1	 0.2	 0.2	 -0.01	 0.03	 0.2	 -0.3	 0.09	 	 	 	
DO	8-33	 -0.5	 -0.3	 -0.1	 -0.6	 -0.3	 0.2	 0.02	 0.3	 -0.4	 	 	
pH	8-33	 -0.5	 -0.4	 0.2	 -0.5	 0.05	 0.6	 -0.3	 -0.2	 -0.5	 -0.02	 			
